AIM AND OBJECTIVE: The aim of this study is to evaluate the rate of tooth movement caused by laser during individual canine retraction in the maxillary arch.
Introduction
O rthodontics has been developing greatly in achieving the desired results both clinically and technically. This is especially so using new technologies, such as simulation software that can assist in treatment planning and the outcomes. [1] Orthodontic tooth movement is accompanied by site-specific bone remodeling with inflammatory nature. Alveolar bone remodeling is essential for tooth movement and is characterized by tandem periods of osteoclastic recruitment, bone resorption, reversal, and bone formation. This process involves the periodontal ligament and is dependent on the magnitude and consistency of the force being applied. In the area of periodontal ligament compression, osteoclasts proliferate and initial resorption of superficial bone occurs. In the region of periodontal ligament tension, the periodontal fibers unwind, fibroblasts appear, and osteoblasts form a nonmineralized collagenous matrix called osteoid. The osteoid is later mineralized, trapping some osteocytes in lacunae within the bone. [2] Since orthodontic treatment usually takes place over a long period of time, the problems of caries and periodontal disease are burdensome for the patient. Furthermore, it has been reported that total treatment duration proves to be highly correlated with discomfort, pain, external apical root resorption, suboptimal oral hygiene, white spot lesions, and dental caries. [2] An increasing number of patients are d e m a n d i n g o r t h o d o n t i c t r e a t m e n t nowadays for improved esthetics as it is affecting their professional and social life. Accelerating the rate of orthodontic tooth movement would be beneficial to the shortening of treatment time and to diminish adverse effects in orthodontic treatment. Low-level laser therapy (LLLT) is a nonsurgical approach, which has gained a lot of interest in last few years in accelerating the tooth movement.
Hence, this study aims to evaluate the application of laser on the rate of tooth movement on individual tooth so that this technique can be applied clinically for reducing the treatment duration.
Materials and Methods
The study included 10 patients, who reported to the Department of Orthodontics and Dentofacial Orthopedics, K. L. E V. K Institute of Dental Sciences, Belagavi, Karnataka, India. Patients needing first premolar extraction in the maxillary arch as a part of orthodontic treatment, patients with permanent dentition, no history of previous orthodontic treatment, and both male and female patients were included in the study. Periodontally compromised patients, medically compromised patients, patients on any kind of long-term medication, participants needing extractions other than all first premolar extractions, patients with unilateral chewing/parafunctional habits, crossbites, and occlusal interferences, and impacted canine or canine with dilacerated roots are excluded from the study. A split-mouth technique was carried out where the quadrant for the experimental side and the control side was randomly selected, i.e., Group laser -one-quadrant was irradiated with laser [ Figure 1 ] along with NiTi coil spring and other quadrant was control having NiTi coil spring only.
Laser irradiations
Irradiations with a semiconductor laser at 940 nm for 25 s at 0.2 mW with energy density of 5 J/cm 2 and total dose of 7 J (power density = power/unit area) laser were applied on days 0, 3, 7, and 14 in the 1 st month and thereafter on every 15
th day for 4 months [ Figure 2 ]. A fiber-optic tip of 3-mm diameter was used (area irradiated -0.7 cm 2 ). Alginate impressions and intraoral photographs were taken on day 0, before the placement of NiTi coil spring and application of toothbrush vibrations, and every 30 days.
Distribution of laser irradiation dosage
Five irradiations were given on buccal side and palatal side of canine:
• two on cervical third -one on mesial and one on distal • two on apical third -one on mesial and one on distal • one on middle third.
Amount of tooth movement was measured using a palatal plug. Each initial model was used for making a palatal plug, with reference wires pointing at the mesial contact of the canines. The plug was then transferred to the consecutive models to measure displacement of the mesial contact of the canines relative to the reference wire using a digital caliper.
Results
The findings of the study were analyzed using Wilcoxon test. Statistically significant tooth movement was seen in both the experimental and control side over a period of 4 months [ Table 1 and Figure 3 ]. Comparing tooth movement in laser group, it was seen that the tooth 1.3-fold and by 56% more on experimental side than on control side after 3 months, but after 4.5 months, the tooth movement increase was only 30%. A 1.5-fold increase in tooth movement was demonstrated by Yoshida et al. [5] in their experimental group over a period of 7 days using a Ga-Al-As of 810-nm wavelength and total dose of 54 J. In our study, the wavelength used was higher (940 nm), and thus, we obtained a lesser fold increase on the experimental side. Kim et al. [6] in their study on dogs reported an increase in the experimental side by 2.08-fold over a period of 2 months where they had used a pulsed mode rather than a continuous mode that we used in our study. A study done by Cruz et al. [7] using a Ga-Al-As diode laser of 830 nm with the energy dose of 5 J/cm 2 at each of the 10 different points around the tooth to cover the periodontal fibers and alveolar process around the canine teeth showed an increase in tooth movement. In our study, we used similar energy density of 5 J/cm 2 and 10 points around the tooth were irradiated. Mohamed Youssef et al. [8] used a Ga-Al-As diode laser of 830 nm with the energy dose of 8 J/cm 2 at each of the 6 different points around the tooth. This distribution of energy into different points surrounding the canine teeth could be more adequate due to a more homogeneous distribution of the energy and accelerating movement was faster in laser side than in control side and it was statistically significant during the 1 st , 2 nd , and 4 th month [ Table 2 ]. Experimental side showed an increase by 0.3-fold and by 30% compared to control side.
Discussion
The currently available studies demonstrate a various methods of acceleration of tooth movement which includes both invasive and noninvasive techniques. In this study, we have used a semiconductor diode laser of wavelength 940 nm, a continuous mode, an output of 0.2 mW, and exposure time of 25 s because the results obtained by Doshi-Mehta and Bhad-Patil [3] and Takeda [4] had shown significant biostimulatory effects around this dosage. Doshi-Mehta and Bhad-Patil [3] conducted a study where the patients were called on day 0, 3, 7, 14, and after every 15 days for laser application and they showed a positive result. Hence, the similar regimen was followed in our study. The rate of tooth movement after 3 months in our study on experimental side was increased up to 0.3-fold compared to control group. In other words, there was 37% increase in tooth movement on experimental side which was statistically significant. Doshi-Mehta and Bhad-Patil [3] found an increase of the tooth movement. LLLT is a type of irradiation therapy that does not induce an increase in temperature in treated tissues. The best evidence regarding LLLT, which is of low quality, indicated that low-energy LLLT promotes tooth movement, whereas high-energy LLLT could not. [8] Our study used the energy density of 5 J/cm 2 and total dose of 7 J. Lower energy density of 5-8 J/cm 2 is more effective than higher energy density of 20-25 J/cm 2 or more was found by studies done by Yi et al. [9] and Ge et al. [10] A split-mouth study done by Goulart et al. [11] with 2 experimental and 1 control groups showed an increase by 50% in the tooth movement in the first experimental group which was irradiated using Ga-Al-As diode laser of 780 nm, energy density of 5 J per square centimeter, and a total dose of 1.89 J. In the second experimental group, a decrease by 90% was seen in the experimental group which was irradiated using energy density of 35 J/cm 2 and total dose of 12.6 J.
Conclusion
The laser parameters used in this study did show an increased tooth movement on experimental side. Studies with a larger sample size can be done to get better results. Further studies are required to be carried out as to know which wavelength is more beneficial to accelerate the tooth movement and reduce the treatment duration.
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